In the course of our phytochemical and chemotaxonomical studies on the monotypic family Rhoipteleaceae, a series of novel compounds, i.e., a rearranged-ursane triterpene, 1) triterpene caffeates, 2) triterpene ferulate, 3) triterpene-lignan esters having dimeric structure, 4) diarylheptanoids, 5) dimeric ellagitannins formed by intermolecular oxidative C-C coupling, 6) and euphane-type triterpene bisdesmoside and tridesmosides, 7) have been isolated from Rhoiptelea chiliantha DIELS et HAND.-MAZZ. Comparison of these metabolites with those of related families, such as Juglandaceae, Betulaceae, Fagaceae and Myricaceae, chemotaxonomically support the viewpoint of the Takhtajan system 8) of plant classification concerning the systematic position of Rhoipteleaceae: this family independently constitutes the order Rhoipteleales which is related to the orders Juglandales (comprising Juglandaceae), Fagales (comprising Betulaceae and Fagaceae) and Myricales (comprising Myricaceae).
. correlated with both of the other two oxygenated methines in the 1 H-1 H correlated spectroscopy (COSY) spectrum. Further detailed analyses of one-dimensional (1D) and two-dimensional (2D)-NMR spectra of 1 permitted us to determine the gross structure of its aglycone: a combination of a 1 H-detected heteronuclear single quantum coherence (HSQC) experiment and a 1 H-1 H COSY spectral analysis allowed us to identify four isolated spin systems of the aglycone moiety (heavy lines shown in Fig. 1 ). Furthermore, the 1 H-detected heteronuclear multiple bond correlations (HMBC) shown in Fig. 1 determined the connectivity of these spin systems as well as the location of the glucose at the C-3 position of the aglycone. The large J H1, H2 and J H2, H3 values (9 Hz) indicated an axial orientation of these protons. The remaining relative configuration of 1 was determined by nuclear Overhauser enhancement spectroscopy (NOESY) correlations as shown in Fig. 2 , which unambiguously revealed that the aglycone is a dammarane-type triterpene. Finally, the C-20 configuration of 1 was established to be R on the basis of comparison of the 13 C-NMR chemical shifts of C-20, 21, 22 ( Fig. 3 ) with those of dammarenediol I (20R) and dammarenediol II (20S). 9) Consequently, the structure of chilianoside A was assigned as the formula 1.
Chilianoside B (2) Chilianoside B was isolated as a white amorphous powder. 10) suggested the presence of a hydroperoxyl group at C-24. This was supported by the [MϩNa] ϩ peak at m/z 735 in the positive FAB-MS spectrum, and by its positive reaction to KI-starch test. Compound 2 was found to be an inseparable mixture of 24R and 24S epimers based on the fact that the signals of C-17, 20, 24, 27 appeared in pairs in the 13 C-NMR spectrum (Table 1) . On the basis of above evi- (4) were also positive to KI-starch test, suggesting the presence of hydroperoxyl groups in the molecules. Their 1 Hand 13 C-NMR spectra are quite similar to those of 2 except for the sugar part, indicating that the aglycone of 3 and 4 was the same as that of 2. In the 1 H-NMR of 3, signals derived from an acetyl group were not observed, and H-2 of glucose was shifted upfield by 1.50 ppm compared with that of 2.
Taking the [MϪH]
Ϫ ion peak at m/z 669 in the negative FAB-MS into account, 3 was determined to be a deacetyl derivative of 2.
Compound 4 exhibited an [MϪH] Ϫ ion peak at m/z 711 in the negative FAB-MS, indicating that the molecular weight of 4 is the same as that of 2. The 1 H-and 13 C-NMR spectra showed the presence of an acetyl group in the molecule.
However, H 2 -6 and H-2 of the glucosyl group were found to be shifted to lower field by 0.55, 0.49 ppm, and upper field by 1.50 ppm, respectively, compared with those of 2. These facts revealed that the sugar moiety of 4 is a 6-O-acetylglucopyranose. From these results, the structure of chilianoside D was concluded to be as shown by the formula 4. The duplicate carbon signals of the side chain parts of 3 and 4 implied that these compounds are a mixture of C-24 epimers.
Chilianoside E (5) Chilianoside E (5) was isolated as a white amorphous powder which has the same molecular formula as 2 on the basis of the [MϩNa] ϩ peak at m/z 735 in the positive FAB-MS and 13 C-NMR spectral data. The 1 Hand 13 C-NMR spectra of 5 closely resembled those of 2, especially the signals arising from the sugar moiety and the rings A-D, indicating that 5 is also a hydroperoxydammarane glycoside which differed with 2 only in the structure of side chain part. Detailed analysis of the 1 H-1 H COSY and HMBC spectrum (Fig. 5 ) finally disclosed the structure of the side chain with a hydroperoxyl group at C-25, which was supported by the chemical shift comparison with those of related hydroperoxylated triterpenes. 11, 12) Thus, the structure of 5 was assigned to chilianoside E.
Chilianosides F (6) and G (7) Chilianosides F (6) and G (7) showed an [MϪH] Ϫ ion peak at m/z 669 and 711, respectively, in their negative FAB-MS. In a similar manner described for 3 and 4, 6 was concluded to be a deacetyl derivative of 5, and 7 to be 6Ј-O-acetyl isomer of 6, respectively, based on the interpretation of their 1 H-and 13 C-NMR spectral data.
The structures of chilianosides C (3) and F (6) suggested that they are generated by sensitized photooxygenation 13) of chilianoside A (1) in which singlet oxygen ( 1 O 2 ) was involved. Actually, photooxygenation of 1 in MeOH using Rose Bengal as a sensitizer yielded 3 and 6 as expected. This result further supplied additional evidence for the structures of 3 and 6. Since singlet oxygen is known to be present in plant tissue, 14) it is probable that these hydroperoxylated triterpene glycosides are generated in the plant.
Chilianosides H (8), I (9), and J (10) Chilianoside H (8) displayed an [MϪH]
Ϫ ion peak at m/z 677 (MϩNa) ϩ in the positive FAB-MS, corresponding to a molecular formula of C 36 H 62 O 10 which is one oxygen atom less than 3. The 1 Hand 13 C-NMR data ( Table 2 ) of 8 are in good agreement with those of 3, except for the upfield shifts of H-24 by 0.21 ppm and C-24 by 13.6 ppm. This observation suggested that the hydroperoxyl group at C-24 of 3 is replaced by a hydroxyl group in 8, and this was verified by the reduction of 3 with triphenylphosphine to afford 8.
Compounds 9 and 10 were deduced to be 2Ј-O-acetyl and 6Ј-O-acetyl derivatives of 8, respectively, on the basis of their FAB-MS, 1 H-and 13 C-NMR data (Table 2) which were closely related to those of 3 and 4. The structures of 9 and 10 were confirmed by acetylation yielding the same hexaacetate whose spectral data were identical with those of the acetate (8a) of 8 (Chart 1). Furthermore, compounds 8, 9 and 10 were all judged to be mixtures of 24-epimers from the appearance of the carbon signals of the side chain parts in duplicate.
Chilianosides K (11) and L (12) Chilianoside K (11) was suggested to be a C-25 hydroxyl analogue of 6 on the basis of comparison of its negative FAB-MS (m/z 653 for
1 H-and 13 C-NMR data ( Table 2 ) with those of 6. This was also confirmed by the reduction of 6 with triphenylphosphine to afford 11. Chilianoside L (12) exhibited an [MϪH] Ϫ ion peak at m/z 695 in the negative FAB-MS which is 42 mass units more than that of 11. The signals arising from the aglycone of 12 were almost identical with those of 11. However, signals due to an acetyl group appeared in the 1 H-and 13 C-NMR spectra, along with a downfield shift by 0.55, 0.51 ppm of the H 2 -6Ј signals. These results let us conclude 12 to be a 6Ј-O-acetyl derivative of 11.
Conclusion
We have isolated twelve glycosides with a new 1,2,3-trihydroxylated dammarane-type triterpene as the aglycone from the air-dried leaves of Rhoiptelea chiliantha. Among them, chilianosides B (2)-G (7) have a hydroperoxyl group in the molecules, and chilianosides H (8)-L (12) are their hydroxyl analogues. Although hydroperoxydammarane triterpenes have been isolated from Gymnema sylvestre (Asclepidaceae) 11) and Panax notoginseng (Araliaceae), 12) chilianosides B (2)-G (7) are the first report of hydroperoxydammarane triterpene glycoside with a 20R configuration. On the other hand, since a considerable number of dammarane triterpenes have been isolated from Betula plants, 15) the chilianosides may be additional chemical evidence to explain the relationships between Rhoipteleaceae and Betulaceae.
Experimental
General The instruments used to measure the physical data and the experimental conditions for chromatography were the same as those described in our previous paper. C-NMR data see Table 1 .
Chilianoside E (5) 3H, s, H 3 -29) . 13 C-NMR data see 1H, d, Jϭ9 Hz, H-3), 1.29 (6H, s, H 3 -26, 27), 1.08ϫ2, 1.00, 0.98,  0.89, 0.89 (each 3H, s, H 3 -18, 19, 21, 28, 29, 30) . 13 C-NMR data see Table   1 . Chilianoside G (7) 3H, s, H 3 -18, 19, 21, 28, 29, 30) . 13 C-NMR data see Table 1 .
Chilianoside H (8) C-NMR data see Table 2 .
Acetylation of 8, 9, and 10 8 (10 mg) was treated with Ac 2 O (0.5 ml) and pyridine (0.5 ml) and left to stand at room temperature overnight affording 8a (9 9 (2 mg) and 10 (2 mg) were acetylated separately in a manner similar to that described for 8 to furnish acetylated products (1.5 mg and 1.5 mg, respectively), which were identified to be the same as the acetylated product of 8 by comparing their positive FAB-MS and 1 H-NMR spectral data with those of 8a. Photosensitized Oxygenation of 1 A solution of 1 (160 mg) and Rose Bengal (15 mg) in MeOH (20 ml) was stirrred and irridated with a 400W lamp under an oxygen atomosphere at room temperature for 10 h. After filtration, the filtrate was concentrated and separated by silica gel chromatography [CHCl 3 -MeOH-H 2 O (9 : 1 : 0.1-8 : 2 : 0.2)] and Bondapak ODS (70-85% MeOH) to give 3 (21.3 mg), 6 (23.6 mg) which were identified by comparing their 1 H-and 13 C-NMR spectral data with those of chilianosides C and F, respectively, along with the starting material 1 (32.0 mg).
Reduction of 3 and 6 Triphenylphosphine (20 mg) was added to a solution of 3 (10 mg) in MeOH (10 ml). After stirring at room temperature for 4 h, the solution was evaporated to dryness under reduced pressure, then subjected to silica gel chromatography [CHCl 3 -MeOH-H 2 O (8 : 2 : 0.2)] to afford 8 (4.0 mg) whose 1 H-and 13 C-NMR data are completely identical with those of chilianoside H. Reduction of 6 (13 mg) in the manner similar to that described for 4 yielded 11 (5.6 mg) whose 1 H-and 13 C-NMR data are completely identical with those of chilianoside K.
